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(54) WIRING BOARD WITH SOLDER BUMP, rTS MANUFACTURING METHOD, AND FLATTENING TOOL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wiring board with a solder bump for reducing 
coplanarity of the solder bump and at the same time for simplifying the measurement of 
coplanarity, its manufacturing method, and a flattening tool. 

SOLUTION: The solder eutectic paste of 36Pb-64Sn is printed on an already plated pad 17 
of a wiring board 3 so that a pad 1 7 is covered entirely using a metal mask, thus forming a 
paste layer 21. Then, a flattening tool 23 is set onto the wiring board 3 so that a plurality of 
paste layers 21 can be collectively covered. Then, while the flattening tool 23 is placed on 
the wiring board 3, the wiring board 3 is arranged in a reflow oven, the reflow oven is heated 
to a temperature higher than the melting point of solder by 10-40° C, for example 200° C, 
before cooling, thus completing the wiring board 3 with a solder bump 1 whose top part is flat. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The wiring substrate which has the solder bump characterized by the crowning of the solder 
bump stationed a line or in the shape of a field in the plane of composition of a substrate being flat. 
[ two or more ] 

[Claim 2] The wiring substrate which has said solder bump according to claim 1 to whom said solder 
bump's KOPORA nullity is characterized by being 0.5 micrometers or less per mm. 

[Claim 3] The wiring substrate which has said solder bump according to claim 1 or 2 who the diameter of 
the flat side said solder bump's crowning is in the diameter of a solder bump substrate pad, abbreviation, 
etc. by carrying out, and is characterized by things. 

[Claim 4] The wiring substrate which has said solder bump according to claim 1 or 2 who the diameter of 
the flat side said solder bump's crowning spreads the diameter of a solder bump substrate pad, 
abbreviation, etc., and is characterized by a solder bump's height being smaller than the diameter of a 
solder bump substrate pad. 

[Claim 5] In the manufacture approach of a wiring substrate, of having said solder bump according to 
claim 1 to 4 After laying a solder ingredient respectively on two or more pads arranged a line or in the 
shape of a field in the plane of composition of a substrate By arranging and heating the specification- 
part material which forms in the upper predetermined height regulation location of two or more of these 
solder ingredients this plane of composition and the flat surface which maintains predetermined spacing, 
and fusing solder The manufacture approach of a wiring substrate of having the solder bump 
characterized by regulating collectively a solder bump's height formed on these two or more pads, and a 
crowning forming two or more flat solder bumps. 

[Claim 6] The manufacture approach of a wiring substrate of having the solder bump characterized by 
pressing two or more of these solder bumps' crowning so that the height may gather, and this crowning 
forming two or more flat solder bumps once forming a solder bump respectively in the manufacture 
approach of a wiring substrate of having said solder bump according to claim 1 to 4, on two or more 
pads arranged a line or in the shape of a field in the plane of composition of a substrate. 
[Claim 7] The manufacture approach of a wiring substrate of having the solder bump characterized by 
grinding two or more of these solder bumps' crowning so that the height may gather, and this crowning 
forming two or more flat solder bumps once forming a solder bump respectively in the manufacture 
approach of a wiring substrate of having said solder bump according to claim 1 to 4, on two or more 
pads arranged a line or in the shape of a field in the plane of composition of a substrate. 
[Claim 8] It is arranged above the solder ingredient laid on the principal plane of a wiring substrate. In 
the case of heating melting of this solder ingredient The specification-part material which is the fixture 
which forms a flat side in this crowning by regulating the height of a solder bump's crowning formed, and 
has a flat surface for regulating the height of said solder bump's crowning, The flattening fixture 
characterized by having the leg which specifies the location of said flat surface while being formed in 
another object with this specification-part material, being arranged at said flat-surface side of this 
specification-part material and supporting this specification-part material. 

[Claim 9] Said flattening fixture according to claim 8 characterized by having said leg from which said 
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flat surface of said specification-part material becomes said principal plane and parallel of said wiring 
substrate when said flattening fixture has been arranged. 

[Claim 10] Said flattening fixture according to claim 9 with which said leg is characterized by being a bar. 
[Claim 11] Said flattening fixture according to claim 10 characterized by forming in said flat-surface side 
of said specification-part material the slot in which said leg is inserted. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the wiring substrate which has solder bumps, such as a 
substrate for flip chip junction, and a ball grid array substrate, its manufacture approach, and a flattening 
fixture. 
[0002] 

[Description of the Prior Art] Conventionally, when it mounts an integrated circuit chip in an integrated- 
circuit substrate, two or more terminals are formed alternately and the method called the shape of a 
grid and the flip chip which joins both by this is learned in the plane of composition of an integrated 
circuit chip and an integrated-circuit substrate. 

[0003] Moreover* in junction to the integrated-circuit substrate and printed circuit boards (mother board 
etc.) in which the integrated circuit chip was carried, balls, such as high-melting solder for junction and 
Cu, are used, two or more terminals are formed in the shape of a grid, the method joined to a printed 
circuit board by this is also learned, and such a substrate is called a ball grid array (BGA) substrate to 
the plane of composition (the plane of composition in which the integrated circuit chip was carried, and 
plane of composition of the opposite side) of another side of an integrated-circuit substrate. 
[0004] As an approach of manufacturing the integrated-circuit substrate equipped with these shape of a 
grid, and an alternate interview abutment child etc., various kinds of approaches, such as solder mull 
technique, are learned, for example, for example, the thing which soldering paste is arranged, and it heats 
after that, and is done to solder mull technique for melting of the solder by printing on the substrate 
conductivity pad formed on the integrated-circuit substrate as shown in drawing 15 (a) — it is the 
approach of forming a hemispherical or spherical solder bump on a pad. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when forming a solder bump by the above 
approaches, there are the following problems and much more improvement is called for. 
** In order that each solder bump prepared on the integrated-circuit substrate may raise an integrated 
circuit chip, junction nature with a printed circuit board, etc., it is usually made desirable for the height 
to have gathered. That is, as shown in drawing 15 (b), each solder bump's KOPORA nullity is made 
desirable [ the smaller one ] 
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[0006] Here, a KOPORA nullity (Coplanarity) is an index which is defined at intervals of [ d ] two parallel 
flat surfaces S1 and S2 which include each solder bump's top-most vertices P between them, and 
shows the heterogeneity of a solder bump's height. In addition, in this invention, since a KOPORA nullity 
is dependent on the area size in which the solder bump was formed, the KOPORA nullity per [ which 
**(ed) by the maximum distance between solder bumps (usually width across corners of a solder bump 
formation field) ] unit length is also used for it. 

[0007] However, since the solder bump's herself height changes with the volume of the solder made to 
adhere to a pad, area of a pad, etc., if the volume of solder differs from the area of a pad etc., a solder 
bump's height will become irregular. Therefore, there was a problem that a KOPORA nullity became large. 
Moreover, even if the solder bump's herself height had gathered, when the substrate had curved, there 
was a problem that a KOPORA nullity became large, similarly. 

[0008] Since the distance of the terminals which face each other will become irregular in case an 
integrated-circuit substrate, an integrated circuit chip, or a printed circuit board is joined if this 
KOPORA nullity becomes large, poor junction may occur. Moreover, since it becomes difficult for a 
probe to be predetermined or to contact all solder bumps at coincidence even when contacting a probe 
by each solder bump and inspecting the flow of wiring, and the insulation during wiring, it may be unable 
to measure correctly. 

[0009] ** The exposure point of a laser beam had to be set up at least three places also for asking for 
an apex again difficultly [ since a solder bump's crowning is a curved surface although image recognition 
is used for measuring a solder bump's KOPORA nullity in order to investigate the junction nature of an 
integrated-circuit substrate etc. / detecting a solder bump's apex (top-most vertices) ], and in 
approximation, and there was a problem of taking time and effort very much. 

[0010] It aims at offering the wiring substrate which has the solder bump who can simplify measurement 
of a KOPORA nullity, its manufacture approach, and a flattening fixture while this invention is made in 
order to solve said technical problem, and it can reduce a solder bump's KOPORA nullity. 
[0011] 

[Means for Solving the Problem] Invention of claim 1 for attaining said purpose makes a summary the 
wiring substrate which has the solder bump characterized by the crowning of the solder bump stationed 
a line or in the shape of a field in the plane of composition of a substrate being flat. [ two or more ] 
[0012] In addition, solder means the wax material of the wide sense which has the low melting point of 
450 degrees C or less here for an Au-Sn system, an Au-Si system, etc. which are used as other, for 
example, a bump, ingredients [ soft solder ] of a Pb-Sn system. Moreover, a wiring substrate also means 
not only the substrate with which ** integrated circuit chip is mounted but the substrate joined to ** 
printed circuit board and the integrated circuit chip (namely, flip chip) itself. Specifically, the 
substrate with which two or more solder bumps were prepared in one field for the junction (flip chip 
junction) to ** integrated circuit chip, the substrate which equipped ** one field with two or more solder 
bumps for junction with a printed circuit board (in this case usually BGA), and the integrated circuit chip 
which has the solder bump of ** plurality are meant. [0013] As said linear arrangement, arrangement of 
the shape of a square frame is mentioned, for example. Moreover, as fieldHike arrangement, the 
arrangement which occupies a predetermined field, for example in the shape of the shape of a grid and 
alternate is mentioned. Invention of claim 2 makes a summary the wiring substrate which has said solder 
bump according to claim 1 to whom said solder bump's KOPORA nullity is characterized by being 0.5 
micrometers or less per mm. 

[0014] Invention of claim 3 makes a summary the wiring substrate with which the diameter of the flat 
side said solder bump's crowning has said solder bump according to claim 1 or 2 to whom the diameter 
of a solder bump substrate pad, abbreviation, etc. are by carrying out, and are characterized by things. 
[0015] Invention of claim 4 makes a summary the wiring substrate with which the diameter of the flat 
side said solder bump's crowning has said solder bump according to claim 1 or 2 characterized by a 
solder bump's height spreading the diameter of a solder bump substrate pad, abbreviation, etc. and being 
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smaller than the diameter of a solder bump substrate pad. 

[0016] In the manufacture approach of a wiring substrate that invention of claim 5 has said solder bump 
according to claim 1 to 4 After laying a solder ingredient respectively on two or more pads arranged a 
line or in the shape of a field in the plane of composition of a substrate By arranging and heating the 
specification-part material which forms in the upper predetermined height regulation location of two or 
more of these solder ingredients this plane of composition and the flat surface which maintains 
predetermined spacing, and fusing solder A solder bump's height formed on these two or more pads is 
regulated collectively, and let the manufacture approach of a wiring substrate of having the solder bump 
characterized by a crowning forming two or more flat solder bumps be a summary. 
[0017] As said solder ingredient, soldering paste, solder preforming, a solder ball, the thing already 
formed as a solder bump are mentioned. As the quality of the material of said specification-part material, 
although ceramics, such as metals, such as titanium and stainless steel, an alumina, silicon nitride, and 
silicon carbide, glass, etc. are mentioned, what cannot get wet or get wet easily in solder is suitable. 
Especfafly, deformation by process toferance or heat is few points, and the ceramics is suitable. 
[0018] Since this specification-part material makes a crowning flat, making the height of each solder 
bump's crowning the same, if it prepares the leg, for example in the both ends of a plate-like member 
and considers as the shape of a KO character, it improves [ can equalize a solder bump's height 
collectively by the die length (height) of this leg, and / workability ] moreover and is suitable. 
[0019] As temperature which fuses said solder, although what is necessary is just more than a solder 
bump's melting point (namely, melting point of solder), temperature with the melting point high 10-40 
degrees C is employable, for example. In the manufacture approach of a wiring substrate that invention 
of claim 6 has said solder bump according to claim 1 to 4 Once forming a solder bump respectively on 
two or more pads arranged a line or in the shape of a field in the plane of composition of a substrate, 
two or more of these solder bumps' crowning is pressed so that the height may gather. Let the 
manufacture approach of a wiring substrate of having the solder bump characterized by forming two or 
more solder bumps with this flat crowning be a summary. 

[0020] In performing said press, there are an approach of heating the press part of for example, press 
equipment at a heater, and an approach which is not heated. Among these, without applying excessive 
stress, when heating, since a solder bump with a smooth front face can be formed, it is suitable. In 
addition, in order to prevent oxidation by heating in this case, it is desirable to press in the ambient 
atmosphere of a non-pxidizing quality. ... . 

[0021] In the manufacture approach of a wiring substrate that invention of claim 7 has said solder bump 
according to claim 1 to 4 Once forming a solder bump respectively on two or more pads arranged a line 
or in the shape of a field in the plane of composition of a substrate Two or more of these solder bumps' 
crowning is ground so that the height may gather, and let the manufacture approach of a wiring 
substrate of having the solder bump characterized by this crowning forming two or more flat solder 
bumps be a summary. 

[0022] As a means to. perform said polish, the polish equipment which has a barrel-polishing plate like a 
grinder, for example is employable. Invention of claim 8 is arranged above the solder ingredient laid on 
the principal plane of a wiring substrate. The specification-part material which has a flat surface for 

being the fixture which forms a flat side in this crowning by regulating the height of a solder bump's 

crowning formed, and regulating the height of said solder bump's crowning in the case of heating melting 
of this solder ingredient, With this specification-part material, while being formed in another object, being 
arranged at said flat-surface side of this specification-part material and supporting this specification- 
part material, let the flattening fixture characterized by having the leg which specifies the location of 
said flat surface be a summary. 

[0023] As an ingredient which constitutes said specification-part material, although ceramics, such as 
metals, such as titanium and stainless steel, an alumina, silicon nitride, and silicon carbide, glass, etc. are 
mentioned, what cannot get wet or get wet easily in solder is suitable. Especially, deformation by 
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process tolerance or heat is few points, and the ceramics is suitable. 

[0024] Invention of claim 9 makes a summary said flattening fixture according to claim 8 characterized 

by having said leg from which said flat surface of said specification-part material becomes said principal 

plane and parallel of said wiring substrate, when said flattening fixture has been arranged. 

[0025] Invention of claim 10 makes a summary said flattening fixture according to claim 9 with which 

said leg is characterized by being a bar. As said bar, the round bar, a square bar, etc. are employable. 

[0026] Invention of claim 11 makes a summary said flattening fixture according to claim 10 characterized 

by forming in said flat-surface side of said specification-part material the slot in which said leg is 

inserted. 

[0027] 

[Embodiment of the Invention] In invention of claim 1, the crowning of the solder bump of a wiring 
substrate is made flat. Therefore, since the irradiating point of a laser beam irradiated for measurement 
of the KOPORA nullity of a wiring substrate can be lessened (it is settled at one place), working 
capacity improves greatly. 

[0028] Moreover, since processing for making a solder bump's crowning flat contributes also to 
reduction of condominium RANARI tea so that it may mention later, when the substrate and integrated 
circuit chip which prepared this solder bump, for example, or a printed circuit board is opposed, a solder 
bump contacts completely a partner s integrated circuit chip or the pad of a printed circuit board, or 
approaches to the location which can be soldered. Furthermore, if remelting (reflow) of the solder bump 
is carried out, the height of a bump crowning will become high. 

[0029] since this crushes the solder which is going to become spherical from the first and is making the 
flat part (or — deleting) as shown in drawing 6 , when solder remelts at the time of junction, it is to 
become spherical again, consequently for bump height to rise, therefore, it is shown in drawing 7 — as - 
- the wiring substrate of this invention, and a junction partner (a semiconductor device — ) Even when it 
piles up for junction of a mother board, and the condominium RANARI tea of the pad of the other party 
is bad and the solder bump of a pad and the wiring substrate of this invention has not touched When 
solder remelts at the time of junction, a solder crowning goes up, and in order to approach the other 
party pad and to contact, it is hard to generate poor junction and excels injunction nature. In addition, a 
junction partners condominium RANARI tea can be certainly joined, if a solder bump's height can rise 
[ in the case of a semiconductor device ] more than it by about 100 micrometers at the time of a **** 
and junction in the case of about 10 micrometers and a mother board. 

[0030] Moreover, also in flow inspection or insulating inspection, when a KOPORA nullity is small, or a 
probe is predetermined, all solder bumps can be contacted and, therefore, it can conduct positive 
inspection. - Here, describe the magnitude of a part with said flat bump crowning (flat part), and its 
property. 

[0031] ** As large the one of the path of a flat part as possible is desirable. This is because the height 
of a solder bump's crowning becomes larger than melting before at the time of solder remelting at the 
time of junction (so that the bump is crushed caudad), so that a flat part is large, since solder tends to 
become spherical with surface tension at the time of solder melting. 

[0032] The example (b) of a bump with the flat bump crowning as for which crushed the bump without 
(a) flattening to drawing 8 caudad, and she was made to it, (c), and (d), i.e., a different example which is 
extent of flattening, are shown. The flat part of a bump crowning becomes large like what crushed the 
bump more nearly caudad and made bump height low like drawing 8 (a<b<c<d). And since (b), (c), and (d) 
return to the configuration of (a) at the time of solder remelting, as for (b), (c), and (d), only in the 
difference of the height of a bump with (a), bump height rises at the time of solder remelting at the time 
of junction (amount a<b<c<d of rises). Therefore, since a big step is taken toward the pad of the other 
party whose solder bump crowning is a candidate for junction etc. at the time of junction so that the 
path of a flat part is large, it becomes easy to join even if front-face nature, such as condominium 
RANARI tea which the wiring substrate of this invention has, and a substrate of the other party, is bad. 
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[0033] ** As for the path of a flat part, less than [ of a bump substrate pad / path x1 .5 time ] is 
desirable. This is because there is fear of an insulating fall when the solder ball which the solder, 
protruded from the pad at the time of solder remelting at the time of junction dissociated, and was able 
to fall and do it adheres between the pads on a substrate as it is shown in drawing 9 , when it exceeds 
1.5 times of the diameter of a pad as shown in the following table 1. In addition, the relation between the 
diameter of a flat part and a solder ball incidence rate is shown in the following table 1. 
[0034] 
[Table 1] 

/tu7T&'*v Kg ; 1 5 0 pm. ; 5 0 Mm 
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0/10000'** K < 0%) 
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2 2 5 urn KSx 1 . 5 0) 


(h/10D00><v K ( 0 K> 


2 6 3 nm 0<v K8x 1.75) 


1000/10000^^^ K ( 1 0 %) 


3 0 0 ^m(AyKlx2. 0 0) 


5000/1 0000/^^ K (50%) 



[0035] ** The path of a flat part has the desirable following (distance between diameter of pad 10 pads 
x 0.5). Although a flat part may protrude this outside the diameter of a pad by carrying out flattening 
depending on the case, it is because there is a possibility of short-circuiting with the solder of the pad 
which adjoins at the time of junction as shown in the following table 2 and drawing 10 when it overflows 
too much. In addition, the incidence rate of the solder bridge between pads at the time of the diameter 
of a flat part and junction (short) is shown in the following table 2. 
[0036] 
[Table 2] 
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[0037] ** The viewpoint of an image processing to more than phi50micrometer of the path of a flat part 
is desirable (at the time of alignment mark, use). This is because a solder bump's flat part can be 
certainly recognized with an image-processing machine and the automatic measure of the condominium 
RANARI tea by the laser three-dimension measuring instrument will become easy, if there is a flat part 
beyond phi50micrometer in general, although there is also a difference of an image-processing machine. 
In addition, the relation of the error incidence rate of the diameter of a flat part and an image- 
processing machine is shown in the following table 3. 
[0038] 
[Table 3] 
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[0039] Therefore, if it takes into consideration that above ** - ** are tolerance values, insurance is 
expected and it can be said that the range of diameter of pad x (0.5-1.2) is suitable for the path of a flat 
part. Specifically, in the case of 150 micrometers of diameters of a pad, and 100-micrometer distance 
between pads, phi50-200micrometer and the optimal flat part size of permission flat part size are phi75- 
1 80micrometers. 

[0040] In invention of claim 2, since it was referred to as 0.5 micrometers or less per mm, while being 
able to perform suitably junction with an integrated circuit chip, the pad of a printed circuit board, etc. 
as a solder bump's KOPORA nullity, flow inspection, insulating inspection, etc. can be conducted 
correctly. 

[0041] In this invention, since the KOPORA nullity is set to 0.5 micrometers per mm, when joining a 
wiring substrate and printed circuit boards, such as an integrated circuit chip and a mother board, the 
pad formed in the chip and substrate of the other party with the solder bump can be joined certainly. 
[0042] In invention of claim 3, the diameter of a solder bump substrate pad, abbreviation* etc. are 
spreading and carrying out the diameter of the flat side a solder bump's crowning. That is, since it is a 
solder bump configuration with a flat crowning, in order to join to an integrated circuit chip or a printed 
circuit board in this invention, When a substrate is heated and a solder bump's solder is remelted, even if 
solder should become spherical, the height of the crowning should become high and there should be 
some from which are separated of a solder bump's crowning and integrated circuit chip, the pad of a 
printed circuit board, etc. By the rise of the height at the time of remelting, solder contacts the other 
party's pad and junction is performed. In the solder bump crushed until the diameter of a bump substrate 
pad, abbreviation, etc. were by carrying out and the diameter of a flat side was especially obtained like 
this invention, since extent of a rise of height is large, it excels in junction nature. 

[0043] In addition, when a solder bump is crushed too much and the diameter of a flat part overflows too 
much more greatly than the diameter of a bump substrate pad, a solder bridge may generate and short- 
circuit between that the overflowing solder dissociates, form a solder ball and insulation falls at the time 
of junction, and a contiguity pad. However, since the diameter of a bump substrate pad, abbreviation, etc. 
are spreading and carrying out the diameter of a flat part, there is no non-northeast,of solder ball 
formation or solder bridge generating, and it excels in this invention at junction nature. 
[0044] In invention of claim 4, the diameter of a solder bump substrate pad, abbreviation, etc. spread the 
diameter of the flat side a solder bump's crowning, and a solder bump's height is made smaller than the 
diameter of a solder blimp substrate pad. That is, since it is a solder bump configuration with a flat 
crowning, in order to join to an integrated circuit chip or a printed circuit board in this invention, When a 
substrate is heated and a solder bump's solder is remelted, even if solder should become spherical, the 
height of the crowning should become high and there should be some from which are separated of a 
solder bump's crowning and integrated circuit chip, the pad of a printed circuit board, etc. By the rise of 
the height at the time of remelting, solder contacts the pad of the other party and junction is performed, 
especially — this invention — like — the diameter of a bump substrate pad, and abbreviation — it has 
the diameter of an equal flat side, and in the solder bump with a solder bump's height smaller than the 
diameter of a solder substrate pad, since extent of a rise of height is large, it excels injunction nature. 
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The relation of the amount of solder bump height rises at the time of solder bump height and junction 
when the diameter of a flat part and the diameter of a solder substrate pad are equal is shown in the 
following table 4. 
[0045] 
[Table 4] 

KS :15 0m m, ; 1 5 0 n m 









5 0 Jim 


8 0 Mm 


3 0pm 


1 0 0 pm 


1 3 0 um 


3 0pm 


1 5 0 [im 


17 8pm 


2 fi u m 


2 0 0 u m 


2 2 3 Mm 


2 3 ja m 


2 5 0 \i m 


2 7 1 Mm 


2 1 pm 



[0046] In addition, when a solder bump is crushed too much and the diameter of a flat part overflows too 
much more greatly than the diameter of a bump substrate pad, a solder bridge may generate and short- 
circuit between that the overflowing solder dissociates, form a solder ball and insulation falls at the time 
of junction, and a contiguity bump. However, since the diameter of a bump substrate pad, abbreviation, 
etc. are spreading and carrying out the diameter of a flat part, there is no defect of solder ball formation 
or solder bridge generating, and it excels in this invention at junction nature. 

[0047] Since it can ask for the solder volume from the following formulas (1) as shown in drawing 1 1 
when forming said claim 3 or the solder bump of the configuration of 4, if a solder bump is crushed so 
that the amount (it is the diameter of opening and board thickness of a metal mask in the case of print 
processes) which applies solder may be set as a proper value and it may become the solder bump height 
to wish, it can form easily. Moreover, since the height of claim 3 or the solder bump of the configuration 
of 4 is asked for which goes up at the time of remelting at the time of junction by count from a formula 
(1) and a formula (2), at the time of junction, which can search for a solder bump's configuration by 
count by whether a solder bumps height needs to rise, and there is an advantage which can perform a 
product design easily. 

[0048] Bump volume;S at the time of flattening S=(r2xT+T 3/6) xpi — Bump volume;S at the time of (1) 

remelting S=(2xl_3+3xl_2xt-t3) xpi/3 — (2) here — L2=r2+ in invention of diameter claim- 5 of a radius 

r, substrate pad of t2, pi; circular constant, and the solder bump at the time of die-length L; remelting 
from t; pars basilaris ossis occipitalis to a core After laying a solder ingredient respectively on two or 
more pads arranged a line or in the shape of a field on the plane of composition of a substrate Two or 
more solder bumps with a flat crowning are formed by arranging and heating the specification-part 
material which forms a plane of composition and the flat surface which maintains predetermined spacing 
in the upper predetermined height regulation location (namely, location which regulates a solder bump's 
height collectively at the time of melting) of two or more solder ingredients, and fusing solder. 
[0049] That is, since the flat surface which specification-part material makes is arranged and a solder 
ingredient is heated and fused so that a crowning (solder bump formed) may not become the height 
more than fixed over two or more solder ingredients top, while a solder bump's crowning becomes flat, 
the height becomes equal and a KOPORA nullity becomes small. 

[0050] In this case, even if some curvatures are in a wiring substrate, since it will be adjusted by a 
solder bump's height regulated at the flat surface which specification-part material makes and will 
absorb the curvature of a substrate, it will have the advantage that a KOPORA nullity becomes small, 
also from this point. 

[0051] Therefore, the wiring substrate which has a suitable solder bump about junction etc. can be 
manufactured, without increasing a routing or carrying out new plant-and-equipment investment with a 
simple means to perform flattening to coincidence using a fixture with simple structure at the time of 
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melting of solder. In using especially the monotonous fixture of the shape of a KO character which has 
the leg as specification-part material for a setup of a solder bump's height, since a solder bump's height 
is decided by the die length of the leg, it has the advantage that it can work in the condition of having 
been stabilized. 

[0052] Moreover, generally, since melting of solder is usually performed in a non-oxidizing atmosphere, 
there is few extent of oxidation, and although solder tends to oxidize, even when performing remelting at 
the time of junction of an integrated circuit chip or a printed circuit board, high junction nature can be 
maintained. In invention of claim 6, once forming a solder bump respectively on two or more pads 
arranged a line or in the shape of a field in the plane of composition of a substrate, two or more solder 
bumps' crowning is pressed so that the height may gather, and a crowning forms two or more flat solder 
bumps. 

[0053] When performing this press, there are an approach of heating the press part of press equipment 
at a heater, and an approach which is not heated. Among these, without generating excessive stress for 
a solder bump softening and by carrying out melting, when heating, oxidization by press working stress 
can be controlled and a solder bump's crowning can be smoothly made flat. Moreover, when pressing 
between the colds, the heater for heating is unnecessary and a solder bump's crowning can be easily 
made flat. That is, the wiring substrate which has a suitable solder bump about junction etc. with the 
simple means of a press can be manufactured. 

[0054] In invention of claim 7, once forming a solder bump respectively on two or more pads arranged a 
line or in the shape of a field in the plane of composition of a substrate, two or more solder bumps' 
crowning is ground so that the height may gather, and a crowning forms two or more flat solder bumps. 
That is, only by grinding with a grinder like a grinder, easily, a solder bump's crowning can be made flat 
and the wiring substrate which has a suitable solder bump about junction etc. can be manufactured. 
[0055] In addition, although it is common that a crowning is flat, since the solder bump by invention of 
said claims 5-7 understands what was fused and formed by inspecting the front face, cross section, etc., 
and the thing ground and formed or it would not be pressed and formed, she can distinguish easily. 
[0056] In invention of claim 8, the specification-part material which has a flat surface for a flattening 
fixture to regulate the height of a solder bump's crowning, and this are equipped with the leg which 
specifies the location of the flat surface in support of specification-part material with another object. It 
is not easy to carry out grinding of the plate which consists of a difficulty processing ingredient like a 
ceramic the flattening fixture with which the leg which projects from the flat 'surface of specification- 
part material and its specification-part material is united, and to manufacture it. Especially the thing for 
which plane flatness is maintained at a high level is difficult. 

[0057] So, in this invention, the manufacture is made easy by using specification-part material and the 
leg as another object. That is, since only specification-part material can be formed independently in the 
case of this invention, a suitable ceramic etc. can be used as specification-part material as an ingredient 
of the flattening fixture which makes a solder bump's crowning flat (at for example, point of solder with a 
small coefficient of thermal expansion being unable to adhere easily). And since there is no leg which 
projects from a flat surface in this specification-part material, processing which makes plane flatness 
high is easy. Moreover, since an ingredient can be chosen also about the leg only paying attention to a 
property required as the leg, manufacture of a flattening fixture not only becomes easy, but there are 
advantages, such as reduction of the manufacturing cost of a wiring substrate. That is, since the leg 
does not need to take the adhesion of solder etc. into consideration like specification-part material and 
does not therefore need to manufacture it with a ceramic etc., as the ingredient, processing is easy and 
cost can also use a low metal etc. 

[0058] In invention of claim 9, the flattening fixture has the leg (another object) from which the flat 
surface of specification-part material becomes the principal plane of a wiring substrate, and parallel. 
Therefore, since the flat surface of specification-part material becomes the principal plane of a wiring 
substrate, and parallel by arranging this specification-part material on a wiring substrate through the leg, 
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a flat surface parallel to a wiring substrate is formed in a solder bump's crowning. 

[0059] Since a bar is employable as the leg of a flattening fixture in invention of claim 10, manufacture 
of the leg is easy. As a bar, round bar material and square bar material are employable, acquisition (or 
processing) is easy and especially round bar material is easy to obtain round bar material with high 
dimensional accuracy. The slot in which the leg is inserted is formed in the flat-surface side of 
specification-part material in invention of claim 11. Therefore, positioning and immobilization of the leg 
can be easily performed by arranging a bar to this slot. Moreover, spacing (namely, a solder bump's 
height) of specification-part material and a wiring substrate can be set up by adjusting the depth of a 
slot. 

[0060] Since especially the limit of the thin line which generally has reinforcement by the homogeneity 
of a size is to about 0.3mm, when forming a solder bump lower than this, grinding of the depression is 
carried out to a ceramic plate, and it can respond by inserting a thin line in this part. In addition, 
processing which forms a slot in a ceramic, for example is easy in respect of the point of maintaining 
especially plane flatness to the high level, or processing area etc., compared with processing which 
forms heights in a ceramic. 
[0061] 

[Example] Next, the example of the wiring substrate which has the solder bump of this invention, and its . 
manufacture approach is explained. 

(Example 1) This example performs flattening of a solder bump's crowning at the time of melting of 
solder. 

[0062] In addition, the wiring substrate which has a solder bump for joining the integrated-circuit 
substrate made of the resin for integrated-circuit-chip mounting (a wiring substrate being called below), 
i.e., an integrated circuit chip, by the flip chip method, and its manufacture approach are described here. 
As shown in drawing 1 (a), the wiring substrate 3 which has the solder bump 1 of this example is a 
substrate made of resin whose outer diameters are about 25mm angle and about 1mm of board 
thickness. 

[0063] ** First, in manufacturing this wiring substrate 3, as it expands and fractures and is shown in 
drawing 1 (b), while forming the insulating layer 7 by the epoxy resin on BT core substrate 5, BT core 
substrate 5 and an insulating layer 7 are covered, and it forms and carries out the laminating of the 
interior wiring 9 of Cu with the semiadditive process using non-electric-field Cu plating and electrolysis 
Cu plating. In addition, as a method of forming the interior wiring 9 of Cu, it is good also by the 
subtractive process Tor the fully-additive process. 

[0064] ** Next, in order to raise the adhesion with solder for the anticorrosion of the Cu wiring 1 1 
joined to said interior wiring 9 of Cu on the maximum front face of the wiring substrate 3 About 3- 
micrometer nickel-P layer 13 is formed by non-electrolyzed nickel-P plating, further, on it, about 0.1- 
micrometer Au layer 15 is formed by non-electrolyzed Au plating, and the substrate conductivity pad (a 
pad is only called below) 17 which consists of a nickel-P layer 13 and an Au layer 15 is created. In 
addition, the solder resist layer 19 is formed in other parts with an acrylic, an epoxy resin, etc. 
[0065] In addition, since the plating approach mentioned above is the same as the plating approach of a 
well-known multilayer printed wiring board, it does not explain in full detail (for example, "multilayer 
printed wiring board step 365"; Fujihira and Fujimori collaboration; refer to issue in Kogyo Chosakai 
Publishing; 1989). 

** Next, as typically shown in drawing 2 (a), on the pad [ finishing / plating ] 17 formed in the front face 
(plane of composition) of the wiring substrate 3, as the pad 17 whole is covered, print the solder 
eutectic paste (melting point of about 183 degrees C) of 36Pb-64Sn using the metal mask which is not 
illustrated, and form the paste layer 21. In addition, the diameter of a pad is 150 micrometers of phi 
abbreviation, the diameter of opening of a metal mask is phi200micrometer, and mask board thickness is 
70 micrometers. 

[0066] ** Next, set the flattening fixture 23 on the wiring substrate 3 so that two or more paste layer 
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21 top may be covered collectively. In this flattening fixture 23, it is the fixture made from the ceramics 
which consists of silicon nitride, and it has plate-like specification-part material 23a which has the die 
length covering two or more paste layers 21, and leg 23b which has the same height arranged at the 
both sides of specification-part material 23a, and has the KO character-like gestalt. In addition, crevice 
base (flat surface) 23c of the flattening fixture 23 is ground by the precision, and the flatness is 
0.1 micrometers/mm. 

[0067] The die length (height) of this leg 23b is set as the die length (h=, for example, 50 micrometers) 
to which flat-surface 23c has slight spacing in contact with the top face of the paste layer 21. That is, 
in case a solder bump is formed by melting of the solder mentioned later, it is set as a value which 
regulates the height of the solder bump's 1 crowning to a predetermined value because the crowning of 
the solder which is going to become spherical touches flat-surface 23c. 

[0068] ** Next, where the flattening fixture 23 is laid in the wiring substrate 3, arrange in the reflow 
furnace which is not illustrated, heat to temperature (for example, 200 degrees C) higher 10-40 degrees 
C than the melting point (in this case, 183 degrees C) of solder, and cool after that. The wiring substrate 
3 which has the solder bump 1 as shows said drawing 1 by this was completed. 

[0069] In addition, the field in which the solder bump 1 was formed was a 12mm long and 17.5mm wide 
rectangle, and the upper limit between bumps was 21.2mm of the direction of a vertical angle. And the 
diameter (diameter of a flat part) of the crowning of the solder bump 1 obtained by the approach 
mentioned above made flat was 80-140 micrometers. Moreover, the solder bump's 1 KOPORA nullity 
was 7 micrometers, and was 0.33(= 7/21.2) mum/mm per unit length. 

[0070] In addition, like before, when not using the flattening fixture 23, a solder bump's KOPORA nullity 
is 21 micrometers, and is 1.0micrometers/mm per unit length. Thus, according to this example, flattening 
of two or more solder bumps' 1 crowning can be collectively carried out at the time of melting of solder 
by arranging the flattening fixture 23 which has specification-part material 23a and leg 23b to the 
position on the paste layer 21. 

[0071] Moreover, since location detection of the solder bump's 1 crowning is easy, it is effective in 
measurement of a KOPORA nullity being simplified. Moreover, since flattening of all the solder bumps' 1 
crowning is carried out by one flat-surface 23c at the time of melting of solder, condominium RANARI 
tea can be made small, and therefore, there is an advantage that flow inspection, insulating inspection, 
etc. can be ensured while being able to raise the junction nature of the wiring substrate 3, and an 
integrated circuit chip and a printed circuit board. 

[0072] Since it bundles up by flat-surface 23c and flattening is carried out especially, even if wiring 
substrate 3 self has curved in a certain reason, the difference in the height of the pad 17 by the 
curvature will be absorbed in the process of flattening by melting of solder, and the crowning learned 
from flat-surface 23c will be formed (refer to drawing 2 (b)). Therefore, the remarkable effectiveness 
that condominium RANARI tea decreases is done so also from the point. 

[0073] By this example, the curvature of the about 13 micrometers [ per 21.2mm of maximum distances 
between the solder bumps 1 ] wiring substrate 3 was actually observed. However, it turns out that the 
solder bump's 1 KOPORA nullity is stopped by 7 micrometers as mentioned above, the curvature of the 
wiring substrate 3 is absorbed, and a KOPORA nullity can be reduced. 

[0074]- Furthermore, the solder bump's 1 height can be-easily set as the height of arbitration only by 
changing the height of leg 23b of the flattening fixture 23. In addition, when the above-mentioned wiring 
substrate 3 manufactured as mentioned above using the flattening fixture 23 was heated again and 
remelting (reflow) of the solder was carried out, while the solder which carried out a reflow became 
spherical with surface tension and the top flat part was lost, top (summit) height rose. When the height 
of the change was 45-55 micrometers before heating, after heating was set to 75-105 micrometers, and 
the rise with a height of 30-50 micrometers was seen respectively. 

[0075] This shows that both can be joined good, even when the integrated circuit chip and printed 
circuit board which are a junction partner, and the wiring substrate 3 of this example are piled up for 
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junction and there are some which the solder bump 1 and the other party's candidates for junction (pad 
etc.) do not touch, since the other party of this wiring substrate 3 has curvature etc. That is, when it 
heats and a reflow of the solder is carried out for junction to the wiring substrate 3, a printed circuit 
board, etc., it is for the height of the solder bump's 1 crowning rising and coming to contact the other 
party's pad. 

[0076] Therefore, if the curvature of the field in which a junction partner's pad is formed if it says in the 
case of the above-mentioned example, and dispersion of height are 30 micrometers or less, dispersion in 
the location of the height direction the other party's pad can be absorbed, it can join, and it turns out 
that it is the wiring substrate 3 which was extremely excellent injunction nature. 

[0077] As for the rise of the height of such a crowning, as the solder bump's 1 property, it is desirable 
that the biggest possible value is shown, and it is desirable for there to be no formation of a solder ball 
and generating of a solder bridge to which insulation is reduced. For that purpose, it is good to make the 
path of the solder bump's 1 flat side almost equal to the path of a pad 17, and, in addition, it still better 
to make solder bump height smarter than the diameter of a pad T7. 
(Example 2) Next, an example 2 is explained. 

[0078] This example carries out flattening of a solder bump's crowning with a compression press. In 
addition, explanation of the same part as said example 1 is omitted or simplified. 

** Print soldering paste on the pad on a wiring substrate at the process of the same ingredient as said 
example 1 and the same aforementioned **, **, and **. 

[0079] ** And as usual, arrange the wiring substrate which printed this soldering paste in a reflow 
furnace, heat it to temperature higher 10-40 degrees C than the melting point of solder, and cool after 
that, abbreviation as shown in drawing 3 and drawing 4 (a) by this — the wiring substrate 33 which has 
the spherical solder bump 31 is obtained. 

[0080] ** Next, hold the wiring substrate 33 which has this solder bump 31 in the bottom fixture 35 
made from the stainless steel of the shape of a character of cross-section abbreviation KO. In addition, 
since the solder bump's 31 height serves as "thickness (for example, 1.00mm) of the depth (for example, 
1.05mm)-wiring substrate 33 of crevice 35a of the bottom fixture 35", according to the height of the 
solder bump 31 who wants to set up, the height of side-attachment-wall 35b or the depth of crevice 
35a is set up. 

[0081] ** Next, drop the press superior lamella 39 made from the stainless steel of compression press 
equipment 37, and press and carry out flattening of the solder bump's 31 crowning over 1 minute by 
press **;5 kg/cm2. In addition, crevice 35a of the press superior lamella 39 and the bottom fixture 35 of 
the flatness is 0.15micrometers/mm. 

[0082] this shows drawing 4 (a) — as — before a press — abbreviation — the crowning of the solder 
bump 31 whose spherical KOPORA nullity was 21 micrometers was crushed, and as shown in drawing 4 
(b), the wiring substrate 33 which has KOPORA nullity;10micrometer and the condominium RANARI 
tea;0.47micrometer/mm solder bump 31 per unit length was obtained. In addition, it is the description of 
this manufacture approach that detailed Siwa goes into the perimeter of the solder bump's 31 pressed 
crowning. 

[0083] Thus, according to this example, a crowning can form two or more flat solder bumps 31 
collectively by processing the crowning of -two or more-solder bumps 31 who once fused solder and 
spheroidized, and pressing at once. Therefore, there is effectiveness of measurement of a KOPORA 
nullity being simplified as well as said example 1. In addition, when curvature is in the wiring substrate 33, 
the wiring substrate 33 learns from the flat surface of crevice 35a by press, and it becomes flat Then, 
when the press superior lamella 39 is returned up, the curvature of the wiring substrate 33 may return 
somewhat, but since condominium RANARI tea still becomes small conventionally, the junction nature of 
the wiring substrate 33 can be raised and insulating inspection etc. can be ensured. 
[0084] Furthermore, the solder bump's 31 height can be easily set as the height of arbitration only by 
changing the depth of crevice 35a of the bottom fixture 35. Moreover, since what is necessary is just to 
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only press, there is an advantage that the activity is easy. 

(Example 3) Next, an example 3 is explained. Although the point that this example carries out flattening 
of a solder bump's crowning with a compression press is the same as said example 2, in case it presses, 
it differs in that heat is applied. In addition, explanation of the same part as said example 2 is omitted or 
simplified. Moreover, the number of drawing uses the same thing. 

[0085] ** pass the process of ** of said example 2, **, and ** — it is shown in said drawing 3 — as — 
abbreviation — hold the wiring substrate 33 which has the spherical solder bump 31 in the bottom 
fixture 35. 

With the heat insulator which is not illustrated, around compression press equipment 37 and the bottom 
fixture 35 ** Next, with a wrap Where nitrogen gas is passed at 1001. a rate for /, the press superior 
lamella 39 heated at about 220 degrees C is dropped at the interior, while pressing the solder bump's 31 
crowning over 1 minute by press **;5 kg/cm2, heating softening (melting) is carried out, and flattening is 
carried out. In addition, the heater which is not illustrated is arranged inside this press superior lamella 
39, and the press superior lamella 39 is heated by temperature higher 20-60 degrees C than the melting 
point of solder at this heater. 

[0086] this shows drawing 4 (a) — as — the abbreviation before a press — the spherical solder bump's 
31 crowning was crushed, and as shown in drawing 4 (c), the wiring substrate 33 which has KOPORA 
nullity;7micrometer and the condominium RANARI tea;0.33micrometer/mm solder bump 31 per unit 
length was obtained. 

[0087] In addition, detailed Siwa [ like said example 2 ] whose perimeter of the solder bump's 31 pressed 
crowning is does not enter, but that of ** kana is the description of this manufacture approach. Thus, 
according to this example, by pressing the crowning of two or more solder bumps 31 who once fused 
solder and spheroidized with the press superior lamella 39 heated at once more than the melting point, a 
crowning is flat and can form collectively two or more solder bumps 31 who do not enter [ Siwa ]. 
[0088] Therefore, since flattening of the solder bump 31 will be heated and carried out by this example 
even if curvature is in the wiring substrate 33 while doing so the same effectiveness as said example 2, 
condominium RANARI tea can be made very small like said example 1. Moreover, the solder bump 31 is 
heated, it presses, and since inert gas, such as nitrogen gas, is passed in that case while being able to 
prevent oxidation resulting from distortion of the stress by the press, since flattening is carried out, 
oxidation by heating can also be prevented. 
(Example 4) Next, an example 4 is explained. 

[0089] This example carries out flattening of a solder bump's crowning by flat-surface polish. In addition, 
explanation of the same part as said example 1 is omitted or simplified. 

** Print soldering paste on the pad on a wiring substrate at the process of the same ingredient as said 
example 1 and the same aforementioned **, **, and **. 

[0090] ** And as usual, arrange the wiring substrate which printed this soldering paste in a reflow 
furnace, heat it to temperature higher 10-40 degrees C than the melting point of solder, and cool after 
that, abbreviation as shown in drawing 5 by this — the wiring substrate 43 which has the spherical 
solder bump 41 is obtained. 

[0091] ** Next, the wiring substrate 43 which has this solder bump 41 is laid on the vacuum fixing disc 
47 which has many free passage holes 45, reduce the atmospheric pressure by the side of the inferior 
surface of tongue of the vacuum fixing disc 47, perform vacuum adsorption of the wiring substrate 43, 
and fix the wiring substrate 43. 

** next, the barrel-polishing member 51 of the grinder 49 which performs flat-surface polish — rotating 
granularity;#1000 and a flatness;0.2micrometer/mm disc-like polish plate by engine-speed;120rpm, make 
it descend in a lowering-speed;0.2mm/second, and, specifically, grind and carry out flattening of the 
solder bump's 41 crowning. In addition, the barrel-polishing member 51 was dropped from the vacuum 
fixing disc 47 to height of 1.05mm to 1mm in substrate thickness this time. 

[0092] thereby — before a press — abbreviation — the KOPORA nullity;30micrometer spherical solder 
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bump's 41 crowning was ground, and the wiring substrate 43 which has KOPORA nullity;"! Omicrometer 
and the condominium RANARI tea;0.47micrometer/mm solder bump 41 per unit length was obtained. 
[0093] Thus, according to this example, a crowning can form two or more flat solder bumps 41 
collectively by carrying out surface polish of the crowning of two or more solder bumps 41 who once 
fused solder and spheroidized at once. Therefore, while doing so the same effectiveness as said example 
2, there is an advantage that the path of the solder bump's 41 height or a top flat part can be easily 
changed only by setting up the downward location of the barrel-polishing member 51. 
[0094] In addition, as a polish method, although it can use dry type and wet [ both ], since polish kudzu 
both adheres to a substrate front face, it needs to be washed after polish. 
(Example 5) Next, an example 5 is explained. 

[0095] This example explains only the flattening fixture used in the case of manufacture of the wiring 
substrate which has a solder bump. In addition, explanation of the same part as said example 1 is 
omitted or simplified. As shown in drawing 12 , the flattening fixture 61 in this example consists of plate- 
like specification-part material 63 and the leg 65 of a Uichi Hidari pair arranged at the mferior-surface- 
of-tongue side. 

[0096] Said specification-part material 63 is the alumina ceramic plate of 2mm of outer-diameter angle 
[ of 25mm ] x board thickness, and flat-surface polish of one side (the field which makes a solder 
bump's crowning flat; lower part side in drawing 1 2 (a)) is carried out. With a die-length [ of 25mm ] x 
width-of-face [ of 0.4mm ] x depth of 0.25mm slot 63b is prepared in about 2mm location from the edge 
on either side at this field 63a by which flat-surface polish was carried out, respectively. 
[0097] Said leg 65 is the thin line inserted in in the shape of halfHaying under the ground along with said 
slot 63b, and consists of stainless steel lines of the shape of the round bar with a diameter of 0.3mm. In 
addition, the both ends of a stainless steel line are good to bend in the shape of [ of KO ] a character 
towards the upper part inside so that it may not separate from the specification-part material 63, as 
shown in drawing 12 (c). 

[0098] By the configuration of the leg 65 inserted in this slot 63b, the leg 65 has projected more slightly 
(50 micrometers) than flat-surface 63a, and can set spacing (namely, a solder bump's height) of the 
specification-part material 63 and a wiring substrate to 50 micrometers (depth of flute), i.e., 0.3mm 
(diameter of thin line) - 0.25mm. 

[0099] Since the specification-part material 63 and the leg 65 are another objects, the processing is 
[ that what is necessary is just not to process the plate which consists of an alumina ceramic of a 
difficulty processing ingredient into the configuration in which the leg 65 projects, and to only delete slot 
63b ] easy for the flattening fixture 61 of this example. Since field 63a to which a solder bump's 
crowning is pressed especially in the case of this example is the flat surface of a plate, processing which 
makes the field 63a a flat surface is easy for it, and, moreover, the flatness is high. Therefore, a solder 
bump's KOPORA nullity can be made small. 

(Example of an experiment) Next, the example of an experiment is explained. 
[0100] Like this example, as an example of a comparison, specification-part material and the leg 
manufacture the flattening fixture (the product made from an alumina ceramic; refer to drawing 13 ) of 
one, and this experiment actually performs flattening of a solder bump's crowning, while specification- 
part material (product made from an alumina ceramic) and the leg (stainless steel thin line) manufacture 
the flattening fixture (refer to drawing 12 ) of another object. 

[0101] According to this experiment, in the case of the flattening fixture of this example, KOPORA 
nullity;0.2micrometer/mm and manufacture of flatness;0.05micrometer/mm, manufacture days; three 
days, and a solder bump were easy, it was [ a KOPORA nullity is also small, ] suitable, but it is a solder 
bump's KOPORA nullity;0.4micrometer/mm, and in the case of the example of a comparison, that 
manufacture is difficult, and it will not be greatly desirable on flatness;0.10micrometer/mm and 
manufacture days;the 6th. [ of a KOPORA nullity ] and the case of the example of a comparison — this 
example — the costs (manufacturing cost of a flattening fixture) — about twice — it started. 
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[0102] In addition, although the slot of specification-part material was formed and the leg was inserted 
in in the example mentioned above, in the case of what has the to some extent high height of the leg 
(for example, 0.3mm or more), a thin line is arranged to the drawing Nakashita side side of the 
specification-part material 71 as it is, and it is good for it also as the leg 73 without preparing a slot, as 
shown in drawing 14 . 

[0103] In this case, since it is not necessary to form a slot, formation of a flattening fixture is still easier. 
In addition, a solder bump's height can be freely set up by changing the diameter of this thin line. It 
cannot be overemphasized that it can carry out in various modes in the range which this invention is not 
limited to said example at all, and does not deviate from the summary of this invention. 
[0104] (1) For example, as an ingredient of a wiring substrate, the composite of ceramics, such as an 
alumina, resin, composite with a glass fiber etc. and resin, the ceramics, etc. is also employable in 
addition to plastics (resin). 

(2) Said example described the case where the solder bump for joining an integrated circuit chip to a 
substrate was formed by the flip chip method. However, as for this invention, it is desirable to be able to 
apply, not only this but when forming the solder bump for joining a substrate and printed circuit boards, 
such as a mother board, and to apply a solder bump also to the shape of a grid and the BGA substrate 
arranged alternately. 

[0105] (3) As for high-melting solder, such as Pb90% solder, Ag, the solder containing In, etc., as the 
quality of the material of the solder to be used, which is usable according to an application. Moreover, 
either R type a RMA type or RA type can also use the class of flux contained in solder (from what has 
small reduclbility). In addition, alloys, such as an Au-Sn system and an Au-Si system, can also usually be 
used as a bump ingredient here in addition to the wax material of the Pb-Sn system called solder. 
[0106] (4) The approach of using a dispenser and trickling soldering paste as the grant approach of the 
solder ingredient to a pad top, in addition to the approach by printing of the soldering paste mentioned 
above, preforming, a pellet, or the method of carrying a solder ball is employable. 
[0107] 

[Effect of the Invention] As explained in full detail above, the wiring substrate which has the solder bump 
of invention of claim 1-4 has the solder bump's flat crowning. Therefore, since a solder bump's KOPORA 
nullity can be reduced, the junction nature of a wiring substrate can be improved. Moreover, 
inspectability, such as insulating inspection, can also improve and the remarkable effectiveness that 
measurement of a KOPORA nullity can also be simplified is further done so. 

[0108] Moreover, by the manufacture approach of a wiring substrate of having the solder bump of 
invention of claim 5-7, the effectiveness that it can manufacture easily is done so with simple means, 
such as a press after melting of the solder which arranges specification-part material and performs the 
wiring substrate which has the outstanding property mentioned above, and melting and cooling, and 
polish after melting and cooling. 

[0109] In the case of melting of solder performed by arranging especially specification-part material, 
there is an advantage which was [ antioxidizing / reduction of a KOPORA nullity, simplification of a 
production process, / of a solder bump ] excellent Furthermore, in case the flattening fixture of 
invention of claim 8-11 manufactures the wiring substrate which has a solder bump since the 
manufacture is easy for it even when using a difficulty processing ingredient as an ingredient (it is .... 
suitable for flattening of a solder bump's crowning), it can reduce a manufacturing cost. Moreover, since 
flattening of specification-part material is easy, while being able to reduce the manufacturing cost of a 
flattening fixture, a solder bump's KOPORA nullity can be reduced. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view which shows the wiring substrate which has the solder bump of an 
example 1, and (a) expands the perspective view, and (b) expands the part, and is shown. 
[Drawing 2] the manufacture approach of the solder bump of an example 1 — being shown — (a) — the 
explanatory view of the production process, and (b) — the manufacture approach — it is the 
explanatory view showing the acquired effectiveness. 

[Drawing 3] It is the explanatory view showing the manufacture approach of the solder bump of an 
example 2 and an example 3. 

[Drawing 4] A solder bump's configuration is shown and the sectional view in which (a) shows the 
configuration of the solder bump before a press, the sectional view showing the configuration of the 
solder bump after the press according [ (b) ] to an example 2, and (c) are the sectional views showing 
the configuration of the solder bump after the press by the example 3. 

[Drawing 5] It is the explanatory view showing the manufacture approach of the solder bump of an 
example 4. 

[Drawing 6] It is the explanatory view showing the rise at the time of solder remelting among operations 
of this invention. 

[Drawing 7] It is the explanatory view showing a junction condition with a junction partner among 
operations of this invention. 

[Drawing 8] It is the explanatory view showing the difference in extent of top flattening among 
operations of this invention. 

[Drawing 9] It is the explanatory view showing the generating condition of a solder ball among operations 
of this invention. 

[Drawing 10] It is the explanatory view showing the generating condition of a solder bridge among 
operations of this invention. 

[Drawing 1 1] It is the explanatory view showing the method of computing the solder bump volume. 
[Drawing 12] The flattening fixture in an example 5 is shown and (a) is [ a bottom view and (c of a front 
view and (b)) ] side elevations. 

[Drawing 13] The flattening fixture of the example of a comparison is shown and (a) is [ a bottom view 
and (c of a front view and (b)) ] side elevations. 

[Drawing 14] Other flattening fixtures are shown, (a) is a front view and (b) is a side elevation. 

[Drawing 15] It is the explanatory view showing the conventional technique. 

[Description of Notations] 

1, 31, 41 — Solder bump 

3, 33, 43 — Wiring substrate 

17 — Pad 

23 61 — Flattening fixture 

23a, 63, 71 — Specification-part material 

23b, 65, 73 — Leg 

35 — Bottom fixture 



- 17- 



37 — Press equipment 
49 — Grinder 



[Translation done.] 
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*a*4>fc<, «wniss^s'7' j ? , 7 p y vh*so»*B*fc 

5 ± 5 K^u* LTx W»«sspS/ji«*o i l i B/<^^'* 

[0 0 5 3] CiDT'^Srff?^ 7>;*gB©J¥E 

*>5. w©5*>, Jn*rt-*»frW\ ^B'^^fcWfc ■ 
r. t \z i. tj , «**jStfj - i 

^T-feU. ^tc^B^>'^'oW*E|JS:¥SK:i"5r.i:^. j 



-(2) 

H UTraft^B^^fc^Ti-SBIRKtRSrMart-a w 
[0 0 5 4] 7 ©*Wt?tt, S^cD^-a-E^^ 

$*s»-5 <t 5 KSFIi U *»#¥iIfc**c©¥B><:<':r 



[0 0 5 5] M, ttlB»*qi5~7©*MfcJ:*^B/< 

[0 0 5 6] W*9l8<?)38WCf4» ¥lt<fcf&AWu *B 
IMSraJ^SWtti:***:"^*. SlffflgBtti: ^©& 

. [0 0 5 7] #»9J.T?tt» «.fflSBWi:WfPt5r 

(c^B©#«tt^Sr#lt-r5^«S* s ^< > J:oT-lr7 $ 
[0 0 5 8]. 9 ©^PJT-»4,. spa-fb»Ar4» a^J 

[0059 1: ttMi i o <D%wr-n. ¥mtH5Me>m& 
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So Ltd, A*ttt-*A*H-fcSUa-C* % 
*Mtr±*# (xtt»i) *s**-e*>p, ^-fe*tS©iSv> 

[0060] «c % eaiue© *>s«ai 

[00 6 1] 

[0062] «»iHiis^-y^ieKffl©«r 

TxB^S. El 1 (a ) (c^-TJ; 5 1, #IS160!I©¥B'< 
[0 0 6 3] ©£©E*fc^3*»art-*»frl::«\ 0 

i (b)'-Ktt*xtjqatf»LTi3*i-j:5fc; £f\ bt=> 

fcfcfc; BT'=»TS«5XtWfi»l7fc:bfcoT % jrmi 

>f «fc T C u rtftE* 9 £MJ& LT«S1-5. 

i*k Curt«SSait69©^jSfei: LTtt, t^F7^f-f 

AsT? -i T -f -f&K i c T t> J: V \ 
[0 0 6 4] ©&fc, Ei»Stg3©&3tffiT*H\ WIHC 
urtS&EH9 tS^SHSCuEHl l©B*©fc©S 

y^fcioTJKlS MmON i -PJll 3"«r»J«W X 
tc^:©±»c:, ^fl^Au^ j/^-^io'T^O. 1 /z m© 
AuSl5Sr^LT N Ni-Pll 32kZfiAuS 1 5 
*»fett'*T**«tt^y K <«T*Ki'<y KfcfW-) 1 

5.' ■ \ 

[0065] ±igufc^t y^jfett. m%><o&my 

(09*.tf, W!)yhiEilS^f^^3 6 5j ;'S 



/4 

¥ • Hg**^ ; ; 1 9 8 9#38ff#l&) . 

El 2 (a) fcflKttfe»+J: 5 sans«3 
©SBB (S-a-E) tc^^Jx^y ?*ff&0/<</ Kl 7 
©±K, AyKl 7£#=MI5 «t5»CLT, 3 6Pb- 
6 4Sn©^B*S^-^h QBj(I»18 3X;) El 
3*Lfc^*/w;**$:/B^TPPJ&iJL-C. hg2 
l?r^i-So ffl> ^fKltt0|Sll5OMm^9, 
^/W^^©F^D@f4((. 2 0 0 //m, -7^^^J¥(±7 
0/im"Cfc3. 

io [0 0 6 6] ¥*&fc?&A2 3 ^fc©^-* 

bjf 2 i ±*r-s vxm o «t 5 mmmm 3 y 

1 »C*jfc5ft$Sr^rf 5¥«^©aft!l»a-2 3at, S 

2 3 b iSrlg^ a^^Sr^-UTW^. ft, Tfifl: 
feA2 3©DDf|5j£ffi (¥5) 2 3 cfi, fft«&9FB£ 
*U ^:© s Pffi^li^Jx.tf 0. 1 Mm/mmt?*)5 0 

[0 0 6 7] r©W^2 3b©S$ (SS.$) Tffi2 
20 3 c *s^<-^ h« 2 1 0±ffiK«i"5i6»*ttfl|i>©|HII|| 
(h=^!l^ff5 0 jum) K:^j£ £ ;h,T ^ 
i. otD, ^xEi-5^H©^®!^«toT^B-'07 , Sr 
»riW-5§Rfc» *Ri455ii-**B'©«»*s s Fffi2 

3 c r t T% ^H^y7* 1 ©TRgq©iS $ SrSf^ 

[0068] ©^(c, mmm. 3 tr^a^^ 2 3 *«t 

B©H^; (^©^g-f±i 8 3t;) i •? 1 o~4 o*c^vn 
aft (0!i;ttf2 0 o<c) ^mmv. znw&M-tz. r 

30 HtctcT, ttlBH J: 5**8^^1 Sr*i- 

5SS^S«3Sr^Lfc 0 

[00«9] fSj. *B/<^1.0»**tbfc««tt» fi$ 
1 2mmX^|l 7. 5mm©S*|t> ^V^WI©** 
Thfett, *f^^|6j©2 1. 2mm1?fcofc, *LT, Ji 

7tHg|5©B:@ (ipfflg|5©iEM) f±, 8 0~I4-0«mT? 

^mffetl, liMfcftSSO-Cttv 0. 3 3 (=7/2 
1. 2) Mm/inmtfcofc 0 . 
40 [00 70] ft, ^(OioK. Tttftife* 2 3 Srttffl 
L^VN^-fi, ^B^^^w^-Tif^-T-y^-f fi, 2 1 
Mmt?fc»?, 1. Ojum/mm-Cfc 

5c r ©J; 5»-x ^HMsfillci.tixtf: MtelSB*J2 3aS 
t*W» 2 3b Sr*Ti-«.JFaft|&*2 3 Sr. 2 

fcWo^ffl/^ ^ 1 ©H$PS:-}g r t 

[0071] ^B^v^i ©w«|j©fie^m^§ 

^T?fc5©T? x =i-jK7-7-y X>f ©S03t^fB^t$^5 
so tW>5S&** s fe5. -?r©±. ^T©*B/<>'7 r i©W« 
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0&&®.Znv>Z>Z.}i&X'%Zb HC« i^aHME^ 
fttfiS* t> SIliK:^ 5 r. t as -e# 5 1 v \ 5 fU £ 55 s fc 5 <, 

[oo72] wc. ¥E 2 3 c \z x <o -feisxy-mt-t 

fctbrt, ^B©^IiK±5Wfk©jifi-C% ^WR 
Pleiads' Kl 7©«£©^Sr5iilXL.T, ¥12 3 
c^*bo-fcTiajas»*S^5 (0 2 (b) . tt- io 

[0 0 7 3] HRE. JfcJOMHTtt* ^EH^VT' 1 HI ©ft 
JzESffi 2 1. 2 mm3 913ji mStOBRlS$3 ©S 

oaHMRSfrfc. ua»u i|i.H^^i©3-#9-*-y 
as*pa»5. 

[0 0 74] MIC, ¥S4kft}A2 3 WWgC 2 3 bO«$ 
&a?*.5rt!tt-e, ^B^^lWiSS^ffit©^^ 20 

A 2 3 tr^ffl LTMfl* Lfc-hfESEi&gtS 3 Sr. W^JP^R 
LTx ¥H&ff&Ik (J7B-) f7n- 

ftii*!:, mn (ftJKtt) ©KS**±#Ufc. ^©^ 
ftli, AP^mf(4S$a s 4 5~5 5 nmtfcofci ^^>, 
JniStl7 5~10 5pmt)!i:!)« #*30~50,nn 

[0 0 7.5] r ©A i.Hk ^©/c^tC, .^-a-ffi^-Cfc 
5 MMSMfc? Jvhtei **JS^!l©Baife£tg 30 

3 k SrSfc-S-frit-fcitK, i ©Ei»aitE 3 ©*B#*fc 

(/<?K»J tas«teLTV^^fc©asfc5#"e--Ct>, 
M#©S-§-Sr^*ff-tTV5 5r. i:Sr^bTVN5 0 fcv5 
©t, ifii^*«3 t:/y v hstg^t©^©fcfctc, 

APf^LT^paSry 7o-^5t, ^ffl'^^lOSWB 

[00 7 6] ^oT, ±ESW0!©»ft-C»*.»i, 
o#aS3 0 /x m^TTfctufi> tB#*©^s' K©S5 £2> 

isj©^e©tfe>otsr®jRbTS^-a5^rig-c*>t», @© 

T^a-14©®ixfel2i»S« 3 -efc 5 r t as* 5 „ 

[0 0 7 7] ¥ffl'<v:/l ©4#t£i LTtt, r©<fc5ft 
W»©K$©Ji#B:"C# S^W^JtefltSr^i"- i W 

±£B7*y y^©38^©ftv»riasa*bvs ^©fcfct- 

^B^<>'7'1 © 5 fSB©S : Sr-'^s' K 1 ; 7 ©H t (51$-: 



[oo78] *m&m±. &m?i'*x¥ms<>7'oym 

gUSrWk-f-5t©-Cfe5. f*u IWESOtW l 2: R** 

[0 0 7 9] dHrLT, JLO^H'*— .* HfcBPMUtE 

B©IMSJ:9.1 0~4 OlCiSS^tB&fciJPSftU 

^tticioT. 'm 3 .RtfEi 4 (a) fc^-fJ:** 
ftftlMftO^B^v^a 1 $r#i-5Ei^S«3 3&# 

So 

[0080] r©^B^^>'7'3 1 **rt*aElli 

£*g3 3 5r, ®fffiBS3©^©^xVV^M©T^3 

A3 5©Dfl§|5 3 5 a©i$ (W^Ltfl. 0 5 mm) —IB 
i^Stg3 3©ff^ (W^-tfl. 0 0mm) J t^5© 
t? x ^tfclW>73 l©iSS$^J©C.-C«y§l3 5 
broia^Xf4BDa5 3 5 a ©i££ £^5t L-C*i< „ 
[0 0 8 1 ] JE5^7°U^^«3 7©*x^* 

M<Dzfux±.i$L3 9 SrT^$*T, ; 5 kg/ 

UTW-fki"*. f U^±S3 9Atrff&A3 5© 
DflgB3 5 a i 1> X -^©VffiSfiO. 15|im/mmfi) 

[0 0 8 2] r^tC«t«J, H14 (a) K^-f-J; 5 
u^mft-fi, l&3*^©3— sKy-7-y r--f as 2 1 itm^fc 
ofc^ffl^^3 ; 1 ©K^a?J?Lo.S£;h,-C, 04 

(b) »c^-f-J;5^, #9'-J-yy^ ; 10 Mm, Ht 
i? ©3— 7K7-7-y X-f— ; 0. 4 7 Mm/mm 
(D^B^>'7 P 3 1 Sr^i-5ISi^S«3 3as#?5Hfc 0 
1*5, 7'W^.$tbfc^B^>'7 0 3 1 ©Ha©ffifflfc»*ffl^ 

i^!7asA5©as, r©K5fefrfe©##refc5. 
[0 0 8 3] r©<t5»-> *3tlfi«K:J:*bfi, -J.#B 
Sr^LT^^tLfc^©^B^^3 1 roH&BSr^P 

<D¥m'<>"73 1 5r-JgLT^-r5r tast?#5. * 

©fc»t>» tWB3«ft«iira#fc, ^-^y-T-y^-f ©aa 

]£asfj^'fk;$H5^if©^)*asfo5 e Ki^S^3 3 

9 asfos^tt, if ffit- <fc 9 is^stg 3 3 t>m® 3 
5 ac¥llc!ibct¥li:*5. -rat-, ^u^±« ; 

3 9 Sr±*tcM SEi^S« 3 3 ©K t) as#/> 

M5^-asfe5as x ^■ct> : i¥5fcJ:!?l±= 1 -^7i-yx- 
- <i/J^ $ < * 3 © Ei^Stg 3 3 ©S^-14* K * 5 

[ 0 o 8^ 4 ]::Hlc, Ttfe*;3. 5 ©Dfl$|5 3 5 a (O^ ^ Sr^ : ' 
^.5 £ ttTN 35.1 ©S $ SrttS©i« $ KM-' v, 

JcfS^i-Sr tas-c#5. -?:©'±. HUc^XtrfrSiS 
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fi;'IWBHlt«|2i:IRI*-C***s, SJRlclRtS: 

W\*. *l&Xtt«lfrfci-5. ifc, B©#-§-f±IRICt>© 

[0 0 8 5] (DMfaHJfeM 2 ©®, ©, ®<DX@SrS 
T» tWBB 3 fcjjs-fJ: $ l&3»*ia)ij£ffl/^^7 p 3 1 £ 
*t5BliaHR3 3«r, Tf&*3 5rtKlR*i-a. 

Tf&*3 5©«Hfcfll5ii: , bt» -*©1*Jttfc3*#;* 
& 1 0 OfjrFJ'/^OffM-CflEU^tMi-p, 2 Ot^ 
2jn8fiLrt:7'u;*±«3 9£T&£iirT, T'u-^JE; 5 k 

9tt, ^HOiBjft«t5 2 0 — 6 0"CWV^aUE(cJlJllH*iT, 

[00 8 6] -micJ:9, B4 (a) l:if,):5t« 
^*M©ifr*R©¥H'<:'? , 3 i©ntt#ttLo;££ix 
T. B4 (c) KiSi-J: 3 fc» a^jje^-J-yy-f ; 7 M 
m", ^-eftS^ Tjfy+y -r-f- ; 0. 3 3/zm 

/mmO*B/<W3 1 fc^f SEPSIS 3 3*s#fe*l 
fc. 

[0 0 8 7] ft, 7 p U^$*ufe.^H^J^7'3 KDffiSBcD 
itbff, - fi^ffl LTSMfrffc Lfc1£$c 

[00 8 8] ^©fc«\ fflBXttfli t P3«*Sft*S:# 
tSt irtf:, fct^iei»S«3 3tcS9* 5 &oTfc, 
*IU£^!lT*(4^ffl/<>-7'3 l £;&D!&LTWffc;1-5© 

SftLTT'i'XLT^tl'ffc-f-S©-?, zfu*\zi.z>i&t>v> 
#*«*©*»&#**:**-©■?» lP»fcJ:«iMbtKfih 

[o o 8 9] *mmmt. ^mwrnizx^x^m^y 



(10) 

[00 9 0] '©-t UT\ d©¥ffl^:-* h&epJSULfcK 

ffl©gi&<fc 9 1 0~4 OtJfcVMlJtfcJqSfcU -t©»» 
*P-T5 0 ^JlCiot^ E5K^i-J;5/«£l»&SMfc©¥BB 
^^4 1 5r*1-5Ba>^S«4 3 Sr#5«, 

[00 9 1] ®^^, :cfffl^y^4 1 tt-tZGm 
SS4 3 Sr, #$C©»iI?L4 5 £*-r5K£SEa*«4 7 
±Ulf&gU *^»#*6.4'7©TBB«loftEE4r<8Mb 
t, Eift£tt4 3©*2!ft*&fTV\ iil«4 3^)g 

©ft K , JpffiWS Srff 5 4 9 © EHEffFflttBt* 5 
1, AfrlftKfi, ; # 1 0 0 0, ¥B« ; 0. 2fi 

m/mmWR^WW^KSr, ElEgc ; 1 2 0 r pmt 
'Eie^too, TP£)£&; 0. 2mm/^T*TH$1i: 

SWSlmml:fU Hffi»#«4 7*"b 
1. 0 5mm©*S*T, |IieSWtRS#6 lfcT&S* 

[0 0 9 2] ;:axfc:«fc>3, H&3£#©3- 
20 JKy-^yx-f ; 3 0Mm©^P3^>'7 , 4 l©TIgB^WS 
£*VT, =-*7t!lf-f ; 10 Mm, l|M£ft$lSt>© 
= -iK7t!Jf-f - ; 0. 4 7^m/ramW!y7' 

4 1 zm-i-z®.mmm'4 3 

[0093] roiJIC, J&mVttcXtitls -l^H 

^V7"4 1 Sr-gL-T^fSr i*s ;-€■©£. 
©, WI2^i£M 2 fc m#/«c^)*£^i-5 i t tfc, * 

30 ffl/^7*4 1 ©w*^»ii»©spia»©s*«*»=af3!-c 
[0094] mmir&t LTf*. asc©w* 

(3WIW5) iSfetci. II^S^!l5iio^^-clft0Ji-2.„ 
[00 95] #HJ£M-T?te< ¥-ffl/^v^Sr*i-5BeillS 
S©*5S©Bfc«^i-a s Ffifl:ii6JW=-3V^T©*RW-f . 
5o «ufEHiSf!l 1 i RI«4«»©KWt4, «BSXf± 
ffil^bi-So Ell 5tc:, *Hl£«»J^*5tt5sp 

40 S^bf&A6 1 fi, 7fi4K©%ffi8Ht6 3 i*©TffifllK 

[00 96] mmm.%fflW6. 3 ^ M25 mmA x 
52 mm©7;l'5 tt 7 5 5- ^fit ib 9 , II (¥ffl'< 
. ^©WftSrspfiti-SBB-; Hi 2'.(a) tdfcftST* 

aUlfi, fe^©^>i : >fe)^J2mm©®Bi , f^, S^2 5mm 
X*g0. 4mmxa?$0. 2 5mm©jt6 3 b^-tix-? 

[0 0 9 7] ltrfSWSB6 5tt, StrE«6 3 btfioTt 



4* III ¥10-1 3007 



19 

i(DM«2it ei 2 (c) mmuu6 3 

t>b ftti* ^ £ 5 ±#rt<B!) t rsi x a ©=£ ft >f t 

[0 0 9.8] ^(D«6 3 bfc«»&itiilMlJ.6 5 ©*§/& 
tCjzt), MSB 6 5Ji¥ffi6 3 a (5 0^ 

m) ffl-Cfc •} . afflffit? 6 3 £ ©MB 
(IP*>¥B'<>-:/©ii5$) £-5 0^111, BP*>0. 3mm 
mWt<DB.&) -0. 2 5mm 0*©«5) 3 

[0 0 9 9] ^HJfe^rospS'Tkf&A 6 1 te, a#J§BW 6 

3 tmU6 5 tasjS'Jflc-Cfc50t»» 
tt75 7^^f.^5 ¥*fc#WB 6 5 **ffl-t:*»RlC 
iPXi-5-*5.KJ»«4< , W-«6 3 b SrflU 5 % 
*©J0lJiss&»-e;lb5. <fcte, #5»M!l©»frr4» ¥B 
^v:/©llg|5£i¥lE-t-3B6 3 ate, «*t©¥ffi'e;fc5 

©"C, -t©ffi6 3 a Sr^®f'i--5JPXi5^T*fc 9 , b 

[oioo] r © m&fi, ^tftflo «t 5 smhaw 
(7>i'Stt?5y#«) tmn b 

(7Vi- 7 5 ry^SS ; El 3#H) £®!3iU Hfg 

[oioi] r ©Hifclctntf, *«K«©5pffl^kf&A 
©^f± s spffig ; 0. 0 5/zm/mm, SStfEBg: ; 3 
0 ^/^-foy 3— y x-f ,;. 0 v ;;2.(im/mm 

*>ofc«s, Jt<ft«©»frtt, ' ¥ffi* ; 0. 10 Mm/m 
m, SS^BgC; 6 0, ^y7"C3-!K7t!if^; 
0. 4jim/ramt-$)!) > -?:©&3&&SffiJS-? = — dfy-f 

[0102] t*s> ±Kfibfc*jfe0ij-e(*. '-aiwasfi-©*** 

l^fc© (0iJx.fiO. 3mmKJi) ©It^-tf, 1141^ 

[010 3] 'iO»frtt % j**rH*fiM-3#«a**V*© 
■C, — JlTa-fkftAo^ril****^**. ft* w©*ffli^ 

tfcv^ra* (Dim-emfo l 5 5 r. t & ^ 5 * <t 
[0104] ( 1 ) eg;ttt\ leasts© Wt.txfi, 

^7^f^. (*MB) EAfl-K, 7*5t(K>t55y> so 



(11) 

* *\ mm t # 5 xmmm t »k t * 9 5 ^ . 

(2) tWEIOS0!l T»ttu 7P^fy/Si:J:!) > £« 

jtffli-5©d5»*LV\ 
xo [0 10 5] (3) {gffl-rS^BWfl-fCi L-Cfi, 

(CJ^CT, Pb9 0%¥B4ifOiS»^ffl^ Ag^ 

7 7 ^^©ttUt, (3l7c14©/h$/«et>©*> 

Bi:^$ix5Pb-Sn^©^>5 WEA^fc ,.Au-Sn 
^, Au-S i ^^©^t>^ffl-C#5o 
[0 10 6] (4)-/-«y K±— to^mUPHott^jj&b 

[0107] 

[^^©^*] Ei±»a'U^J:5H:» i»*«l~4©^ 
K©^B/ < ?V7 p Sr5fri-5E*IS««:, tO^ffl/OT'O 

7 i ^^ffi^T*#.5©T* > g£i»K«©g^tt«rl6l±T?# 

. .#9*y.x-f©iB!l^Srffi^{ki-5ri:t>X-#Siv^5® 
30 fT4»*S:Jli-<5. 

[0 10 8] ^fc, ft*«5~7©^^©^ffl^V7'Sr 

Si. WHfe • #*Pm©^v*, • **P*©W»*ifo 

[0 10 9] Wfc«IW»*r«rEilU-Cff i^BCSBO 
«*tt. =-#7t^f^Ott SiJtxs©fB5a'fk. 

40 *«8~l l'©»«©.s^ftffc^ttV-Wt.fcbTC (^B 
m-tz r t *?-e#.5. fcTv^J^«'© s Fffi'fk^$^-c 

[01 ] 1 ©¥B><V^Sr*-t-5gaSS«5r^- 

U (a) tt-t<0*HBBI» (b) »±-t©-««rJl:*UT 
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jf>1-$rtg0"C$>5„ 

[0 2] i <D*ft'<v7<r>mw5m*7F u 

(a) tt-t©*aiao|ttWH. (b) Ht-t<D»36*jfe 

[0 3] Hlfe«R|2S^J£0ij3©^B^>'7 ,, roM5t* 

[04] ^H^TVJflMKSrjSU (a) tt^U^W 
©^ffl^V^O^^Sr^-r»fffiia, : (b) r±jtflfc0!2K 
J-Sr/u^fcC^H^J^o^fc^ilWEBK (c) 

0-CfcS. 

[0 6] lo 5 ^Bff»»*o±#i* 

[0 7] *5SWO^ffl©5t»l**ffi#i:0»ft-*ttt* 

[0 8] *ftw<Dftm<D?* 3 mi$<n :s tmt<Dmm(om 

[0 9] *36Kwf^ffl© 5 *>¥ffl*K-;M£>SS£#S8$r 20 
^i"BiPJ0T**)?.o 
[010] *«W©ffcffl©5*>¥B:/JJ >5?©»*tt 

[01] [02] 
(a) (a) 




2? 

[011] ¥B/<v:?fltto)FU&*;pt1IMPIB-Vfc 

[012] 3US«5»c*sit<5Tia'fkf&A*r*U ■ 
(a')' ttJEBBk (b) »ij£S50, (c) ttWBBTfc 

■5. 

[013] tt«MH©WfM&Afcjj*U (a) filEffi 

0, (b) tt&ffiB, (c) |ifi!ia0T?fe5 o 
[014] ■■*©te©¥»ffc»Afc;SU (a) filEffi 

0s (b) l±fi!)B0t?fc5, 
[015] «*a»Sr*i-KWH^*>*. 

1. 3 1, 4 l-^B^X:?" 

3. 3 3. 4 3-ia»a« 

17-/<yK 

2 3, 6 1 -Wftfkft 

2 3 a, 6 3, 7 l-gtf&ISBW 

2 3 b. 6 5. 7 3-WSB 
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